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I .a. sHi 

«j-^ofl £)aH ^-£^1 =£-*H ifl* 3H^. ^-S- ^>3E.^fl ±x} JflS:^ 

^ ^d*l, i^s>Jl »!%7} 3]if-S, t#s) «>E.^1 4| 

-g-^l-cl-. =mi nHh ^Jri^ h}-§-^o1 ^ *i^-7}i(metal precursor HI -#7] t&s. 

£ 2 
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<H Mt-E-^ll ifc^HMethod of manufacturing semiconductor device including step of 

selectively forming metal oxide layer and semiconductor device manufactured using th 
same} 

£ 1 ifl*l E. 3-gr ^la H J-^^ ^li^Al^s. ^g- 

£ 4fe ^-^°11 4-E- <£E.*ll i*} ^li^a] ^-^H* s.Altr ^ 1 &'S:E< : >1 

4. 

£ 5^ ^^^H°11^1 ^]^-^ tfl^r XPS(X-ray Photoelectron Spectroscopy)^- 

£ 6-g- ^°!12<HH Al^i ?J Al^ofl tfl=V 343. sa^ 

<5> £ tf^-fr aVi^l i^r^l ^]2: u 0 v, a ^ ^ ^IH «l*H «]-:£*)] 4i*H) tfl 
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T^ltr ^£.^1 ^Z\S) Zft2i^ ^ =L 2l«><^ ^2:^ aV£>Hl i*Hl cfl 

<6> #<H, «K51*11 Sfl ^.1 El -fr^* ^-a-^J4|S ^ <Q 

^-g- ^Jl Hlfl^ WV£Sfl Pll£e) ^>2l 7g-f , ^-fr^l^ T^g-^- 

(remnant polarization, °M 'P r ' °]z}-^t) , ^R^tt 713 i 

^ 7l^-o] 7l ^ (binary memory) 7fl^4 ^x]S)7] ^o]v\. ^ 

e) a>^-£)ji 7j- o.^^ #;gSfe PZT(Pb(Zr, Ti)0 3 ), SBT(SrBi 2 Ta 2 0 9 ) 

<7> H^l, °ll2.e| i*}^ 7fl3flAlE^ -R-^^ #-^#315. ^sH^t-fl ft*]*], 

o] ?flD))AlEl °1^M1 wl-S^l ^lS-el Ji7s}Sl (integration 

processHH "82)-^^ ^H^r. , °l*HMfe ^3.*H ^^l^ 6 *} 

*\ Qft^S. € 511*11*13 -fr^^ol l^fe ^S.7]S. 

<a> #s.*ft p)is.e] ^>sl &<>H ?flaiHEi $^3* 'rfl* °l*«1lfe 

ILD( Inter layer Dielectric)^ , IMDQnterMetal Dielectr ic)^^ , sflAHH'S 
(Passivation) ^ -§-°l =1^, °lel3r 'rfl^rfe **Hlfe ?fl2fl A l 

el -a-^^ <asM« ^ safe ^&7> -a-ina ^ sa^. * 

ILD«h. IMD^" ^fe afloat!]- tflofl -g-<as]<H fflBflAlEi -fi-^q-o.S 

p r ol ^i*>7fl ^Cf. 
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<s» ofl-i- 7^^] ^3%x\&\9 tivs^il 7]&°\] -^ele ^2^.03. 

ol^^ f^tHS^* ^sfl ILD*^* ^^VS, ?fls))AlEiSl -fj-^ol <ga)-E) 

-S-Jtfl^l- ^-^^-4. ^, PECVDCPlasma Enhanced Chemical Vapor Deposit ion)«<H!* 

(SiH 4 )4 -tt;il7>i(02)7}- Al~§-S^, AJ £7}.^ £>]- ^•4i7l-i7> a>-§-*>Jl ^ 

ti7} Jfif»s 4^4. =ri^ ^^.n] ?flsBAi^a] -B-^o.^. 

SK^W 7fl2|)AlEl -fr^-fr <1S|-Al7l7)£ S> Jl , ILD*^*! ^ ^ =1 ^ °fl 

^^H, ?flsflAlEi ft£^Si\ «-*fl*M «^^7l3£ ^4. 

Sh£*ll "llael -rf^^M l^-slfe- S-XIfe 

fl« IMD^ ^ ^^Hl°l^^* l^^l ^AlBflojAl ^-^o)lAi£ ^333.0^ -g-^ 

( encapsulating)*}-^ u ^ir *h%-^5L 9X^. °fl* 1-<H , 5,822,175 Jltt ^ 

-tVa^, -tirSj-^ SE^ ^e)^ ^3^0.3. nS#**>fe U-^-a: 

<11> -g. ^xgo] o]=Jl^l- 7|#^ ^Xl^, ^^^1 ^#^1 ^ A). 
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<*] *fla^ 7 fl^ ^2:^ H>£^1 ^H}. 

<13> ^-71 7]#3 fltb ^ ^°<H1 S>S^1 ±7.} *\]^ 

^ -t!-i^^>* if"T5>5! -^7> iif^ ^^-l: <LK£*fl 71^1 

^■^cf. 4^-, ^dt^ wV-g-^o] oi^ ^-4? ^i^-7l-i(nietal precursor HI -#7l 

<14> ^-71 ^<S^ Ti0 2 ^-, SiOz^, Ta 2 0 5 n, Al 2 03^, BaTiO^, SrTiO^, (Ba, 

Sr)Ti0 3 ^-, Bi^O^, PbTi0 3 ^, PZT((Pb, La)(Zr, Ti)0 3 )^, (SrBi 2 Ta 2 09)(SBT)^ 5E 

<15> ^-7] ^ ^^.7].^ A1> Ta> xi> Zr> Mgj Ce y, Nb, Hf, Sr 5Ett Ca-fr 

71 ^ ^T l 7>i7> 71^- ^-g* -i-S:^ 7}il 3]*li5Hr ^* iD-* 

<17> >8-7l ^MlH^ ol^ofl, ^-71 ^-#^Sh^ »^^Al^ ^<a^ 
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<18> -8-71 7l#3 JMI* ^*>7l fl* cfs. ^ojofl n^s. av £ ^l ^> ^ 

3* 71^1 ^fM}. =i s d 9X$= ^7}Mmeta\ 

precursor H #7} wV£*ll 7l*-g- -8-7I TflsfHE-l -fr^s) ii#<£ iHl 

<19> J£ 7 ] AlES^ ^A>^.n| ^jg^Tflfe, ^l- 71 ^ ^.=f-7\^9 «-8*rfe ^T^l ! S # 

<20> #7] *]l3j3 ^-^3)-^ S^l&Tllfe. -*7l ^ ^7>i ^#7)1 ^ -8-71 

7>i 3jx]^7ji* a^sl-^ im^ 4.^* 1 *h#5l «M, ^*Kr ^Mls. #7i ^aj- 
^* iJ-71 *M#* *4*H=- ^7il<a ^ 

<21> ^-71 ^a)*} ^-^A>5)-^ ^JSlofl ^7} ^-^fl-^-a- ^7fl; ^ 

-8«Hr ^7^11- C-I 3L«-«- ^ a^". 
<22> ^-71 3*S*^ ^§^^fe, ^ dt^ri* ?Vi*)l 7l* ^ofi «<8sHr #7)1; 

#7) ^ ii7>i7V £-83 71* 7}il S|^*>fe #7)1; -8-71 

7}±l7\ 3)x1^ 71* ^ofl ±^7}^m Q^-S}^ ^741; ^ #71 -tt 

i ±i7}i7} ^^1=1 aVESfl 71* *I<3-g- 7}iS S)^l*>^ &7\m ^ & 

<23> -8-71 7l^^ 4^1* *^*>7l 3ltr 5£ Efl°<M 4^- ^^l 
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a^-fr, 7l#ofl ^i^M- s^-s}^ 

^^ttnf. uH, ^-g-^l SItt ft^A^i. metal 

precursor)^ ^7l aji^l 71^4 ^-71 f^V^^S] t^I^ 

<25> ^7] 4^. 7]*^ 4^1- ^*>7l -g- ^"^oll ^>fe, ^^f^, 

<26> #7) ^111-^^ ^ €-^71*1-^ <g^5} ^ofl S1S>^ 

<27> # 7 ) ^-^St-^-g- Al, Ta, Ti, Zr, Mg, Ce, Y, Nb, Hf, Sr SE^r Ca^ 

<28> °lsHl*lfe ^J^V ^*H1« ^Mls>7ll 

-a^^. nelM-, -g- >S*H& 7M cfg- ^EflS. ^ Si*-^, 

*$s] ^^7> o>a«aiI-M ^A]^ofl #.2.3. sfl^sH^A^ o>q ^rf. 

6ls>a) £-3* ^"a^^l-oHlAi jg^aj °. 7 |_^ ^. 

lief J&^sMl ^^^71 fls><^ ^l^-s]^ ^MM JMifc * 
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■att Ait %-o] %- 91^3- 7]*m 

3^, -8-71 ^ ^-71 t}-E- # SE^r 7133-21 ^Jfofl 31 ^fl^- ZL A> 

<29> <^]l^Al^)> 

<30> ^ll^A]^^- a. ^d\] vfys. aV£*ll ^> til-iE^l nflae) 

^.Hl 3-§-<& 

<31> £1^- ^-a^, VlSLM) nil^ i^ ? fl3l)AlEl(C)# ^S^Hr ^ofl M}-^ 

°ll ^ ^z} afla^-i- ^**l"7l ^*H, ^^(100)/^^ ^3^(110)/ 

iHf-^C 120)^1 ^>^o.S 7flaf|AlEKC)7l- tijrS^ll 7)^-(S)# ^ 

-8-7] MVS^l 7l#(S)°llTr n^^UC) o]3]«\]S. S^"^* ^ty}^ ±.^El 
Bl"(130); *>-¥-°1]fe TflflE 140)^1 7fl^S]jl HS|-^ i5llolAl(150)-l- ^j 1 

H]^V TflolS ^^.( 160 ) ; ^(170, 180)-2.3. °l^f-cH^l ^^lasf ii 

*liEi(T); ^-71 ^>*e)^-(i30) ^ ^IJl-eI- E^j^iEi(T)* Stt #^>^<a^-(l80); 

^ ^"7] *^>^^^(180) ^°\] ?-H)S)^ Aj.7] i^.i ^^dyo)^ ^l^ilS. ^S)^ 

sai Sein(190)7> 551^. 

<32> ^-71 tiVHSfl 7l#(S)-£r ^IH ^*fl <r S^^-S. 

*l£r 3+41 nte}- ^-71 ?V f^Ai olsH£ cf€- ^Ai7> ^-£^1 7l^(S) 

41 3 ^^E)<H Si-i- + 9X^. *°1 , #^^^"(180) ^ ^ l-e1^.(190)2f s>^- 

^i^-(ioo) A>oio)]^ th-s^i 7ii^M ^ -a-71 T^i^^ 33-^ 
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^ SKHM^ *#*171tt #^«J\2.3., DScfl ^l^r^Cn^)^ <r 

#7l ^#U-*1 T^ 1 * 'S-Jfofl $#£|fc l-^^ ^1^^" SH?-^ S*9 
#ein(l90)7> ^Mf^-fr ;jl*8*Hr *13. ***Kr « 0 M* ^ 

-ihfc *4)7W*1 «Hg3fe ^Mf^°ll*l£l -thfc. JHH ^ 190)3 ^31-* 

^(160)3 ^oflfe ^ ^ ^^i si* ^ aw. 

<33> ^^q-doo) ^ #^-^^-(120)* H^>a ^ -sw*^ afe °is 

3 t °j7H^, Pt^, Ir^, Ru^, Rh^, Os^ S^r Pd^U 

^ Sial, 5.^^ ^ #S)-#^-^: IrO^, RuO^, (Ca, Sr)Ru0 3 ^ Stt LaSrCo0 3 ^^ 
SftcK #<H , #71 ts}-^^ Pt^lal, #71 #^-^^ Ir0 2 ^4 Ir^-«1 £*>3 

<34> #71 ¥flH*m -fr^^-(HO)* Ti0 2 ^, Si0 2 ^, Ta 2 0 5 ^ , A1 2 0 3 ^, BaTi0 3 ^, 
SrTiO^, (Ba, Sr)Ti0 3 ^-, Bi^igO^^ , PbTi0 3 ^\ PZT((Pb, La)(Zr, Ti)^)^, 
(SrBi 2 Ta 2 0 9 )(SBT)5l- SE^r °]&a) 2^^<Q ^ SfltJ-. 

<35> £ial n^-g-* ^-tfl JE*1* £.2* ^sV^, ShE.*ll 71 ^-(S)* ^7,># ^SJ-#hK 

nl£Al)o)i s^tF * aV-S-^BlSl 0.1 vfl^l ltorr ^HS. #e(H1*1 *}5.*]} 

■ 7l^-(S)* 100-400^3 ^S., «>^*>7flfe- 300"C^£S. 7>^^-tf. ZZ.ei T}-g-, m}-^ 
°)1 rcl-E- ^51*11 i4 ^fla^-fr 3-8-*M ^#i^, ^Stfl Al 2 0 3 sl-* JfliflAl^ ^ 
^(110) #°H ^W 1 }. 

<36> ^Jdl^O.S. #4lSl- •&-§-# °1 IH^I^ ^^f-i ^ 7>i# ^ Jg^ 
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cfl IH^I^ ^7}^S. 7l*(S)^ <*# #<H, #71 tH^l* 

TMA(TriMethyl Aluminum), DMAH(DiMethylAluminum Hydride), 
DMEAA(DiMethylEthylAmine Alane), TIBA(TrilsoButyAluminum), TEA(TriEthyl Aluminum) 
I£fe 2:^7>i^ ^ SflJl, ^HM^hfr 0.1 ifl*l 2^^ ^ 5tU, S^J-fi-^ 50 

vfl^l 300sccm<y ^ SJ^r. ^n]%- ^^- 7 >ife ^^Mlfe °rS.5- ^ 

7flelo1 7>^2f 

*>-8-« ^5= Sflcf. ^H, "Sr**^ S^iSAi TaCl 5 SE*r Ta(0C 2 H 5 ) 4 7l- *}-8-* 

*r Xl2.^, 34^- ^7>i3.<M T ici 4 5E^r Ti(0C 2 H 5 ) 4 7l- A}-g-s3 ^ l3t # 

^-7>iS.Ai ZrCl 4 7> a>^-^ ^ Sd-o^, = ^^7>iS-^ HfCl 4 7> Aj-g-^ ^ Si^n}, 
Mi* Sl^hiS-H Nb(0C 2 H 5 ) 5 7l- a}-§-^ ^ Sa^, ^i^7l-iS^ Mg(thd) 2 7> 

^ Sl^, -Ml 21 -8- £=?-7}^3.*\ Ce(thd) 3 7l- A>-g-« ^ Xte.^ , o]e # ^^ 7 > 

iS.Al Y(thd) 3 7l- A}-g-53 ^ &4. Aj-g-Sl^. ^-71 thd^ ^-2:^^: 4£-4 :£4. 

<38> . i_r 

H3C N H /CH3 
H3C— C x /C s /C— CH3 
H3C y 9 P \CH3 

thd 

<39> 4*1, #7l 't^-nl^- Hl^l 7l^-(S) SE^r 1-21 

^jlS ^€4. ^7l •S-f-ni*- ti^?}^ -th£4 >£-§-^°l Aj-ih* S-TSr*} 

±t #^Bl-oll §.3V S)Tg *aV^^o)lA^ Mtf^O.S. ^^-Sl^^ 3^8: 7W711 €4. 
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AV^a)- «]--§-§: <£°.?)t\] ^cf. o]oq nfel-, ^afi^El -f}- 3^(110)^ Ic^oflfe A1 2 0 3 ^ 
(200)°1 *m*{°-3. eflts. ^-^slTfl €4. ^llK -SHf 3^(120) ^ *l--¥-*l^- 

(100)^11 4>4i«*}7} ^-f , ii#^<Hl 2fe #Bl^_°3. 

■S^l-H- ^-t>5l-5}-^.s. ifl3*sq*l &ji rtcfls. #4 stMl £.130.3. 

£^SV^^ &&xl>£, ^^^-(120) lEfe Spf^QOOHl Ir0 2 ^3l- £31^ ^ 

l-^-S] ia^^ofllS efltS} Al 2 0 3 ^-°1 ^« ^ Si4. 

<40> ^7121- oJ.s.nl^- ^ 7 }^$] ?fl3flA]El -°r^Bl-(110) # ^ S&*}%> 

eflts) Al 2 0 3 ^-(200)* ^>a* * , i&JEafl 7l«(S) ^-i: s^RVcf. ^1 

# t-H, 1"*^ o>e^ 7 >i<a ^ 5fl ji, 7>^S1 ifl^Al^ ^ s^o.^ 

zj-zj- 0.5 vfl*l 102, * 50 *fl*l 300sccm°J ^ 91^. wVS^l 7l«(S) * 

7}iS a]^ls>7ll sH^^KlOO) S -SHf-^dZO) ^Hl #el^o.S 

^ s^S. HB ^€31, ^^^-(100) S ^^(120) ^1 s^^S. 
Ur^l-fr ^7>i^ 31*13*1 S*ui cH^o] ^sl-Tfl ^th sl-^l'?}, -g- 
oil &<H #^^-(120) ?J *H^^K100) #°fl ^ ^^7>i 

» -S^a] o.S *r 91^ £-*^ 7>^ s^l-fM* B^H^V-fr a)gs] a 

<41> <#7]& "S^l^- #^-7}£l ^lc^] -g-^ 7}i S^l^fe- «*l-# #^^Sl 

27-13 



1020000035708 2000/8/ 
1*M#* ol-f-Tfi ^M, ^Kr *jM|$l Al 2 O3^(200')# #71 *q-«>lS-Sr * 

Al 2 0 3 B}-(200)ol 511^5. 3)<*r ^€4. #¥-*l^-(120) g 

SHf-^UOO) #41*1 IH^)^ ^^-7l-i7> *#<LV ^ « A1 2 0 3 ^°1 ^3-2.3. 

-B-^BV(110)cl PZT^ EEfe 7j--fj-*l f^S ol-f-ol^ ^-f , IH^ItS- 

^■?-7>^l 5L^-=1 ^iofl £]Sfl ?fl3)lAlE^ -fr^e]-(110)Sl 7J-^-^ S-^, ^^tfl #ff- 

^ 7W^1^ -B-^^-(no)^ Ist-S- si^-*>Ji Ai 2 03^ a<3#-s, 

<43> ^7) <fi^el <fi^e) SEfe- S-(furnace) Ej-^S] #*HH 

* l^e) z}-z}- 400 ifl*| 600t»°l ^ 10^ vfl*l 10* a>°1H ^ 

<44> £3^. f£s}tti , ^7isf -a^^ o.s. -H-^i^(iio) o.s. 

Al 2 0 3 ^-(200 , )1- ^, ?11^^E1(C)S i^-SRr #S.*11 7l^s] ^S^-g- 33 S^r 

3E 4* ^-iiS^S! ^#^(210)* ^-71 31 (210)* ILD* 

3, MD*3 BflAlBHol^ &°1 71)21) a] El -fi-^^(110)6.S. ^r^7> 

27-14 



1020000035708 ^ 2000/8/ 

*8 #^-^-(210)^1 ^sq^r 7i^-(s) ^^l^r ?fl3flAiEKc)7> si 0 ! 

S#S.^l7> #71 5g^^-H]-(210)^r «7.>f^ ^^-i- A}-g.<sH ^ SRr ^o] 

<45> ^s. so], A1 2 0 3 ^S. ^#S)-^(210)* ^*Hr ^-f, 7l«-(S) ^'S* 

-a-^-nl^- 4i^7l-iS Jg^Kr tir^I; lr%^ 7>^# 3)*l*Rr #741 ; 4ii7>^S. € 

^sRr #31; 7l-is 3j^s>^ #t41» <a*a<q 2)-^^- 

°4, #s} ^-(210)°] -SM *M#* 

<46> Aj- 7l ^^-nl^- ±. + 7}^S.±± -y-7l?V tt^-^l-H- ^^7Vi«o] atflS A}-g-f3 ^ 

SiJl, ^7l ^Vi i^iS^ H 2 07>i, 0 3 7>i SEfe N 2 07>^7> A>-g-^ ^ ^Jl, -#7l 
7}iS^ <5>H^ 7>i7> A}-g-53 =^ 
<47> -y-7l IH^lw ii7}i, A>i ii7}i * *#Aj 7}i£ Zj-Z}" TMA7>i, H 2 07>i, 

*J o}ss. 7 \^7\ A]~g-sj ^-9-, TMA7>^ 0.1 ifl^l 23i, H 2 07>iS] 

0.1 vfl^l 22:, o>ss. 7]-^^ s];*!-^ * s^a];^ z]-z]- 50 tfl 300sccm ?J 1 
vfl^l 102L, ^ «V£*11 7]^:(S)2l ^3Efe 300t:^£^ ^ 
<48> ^7ltr ^l-^Al^oilx^ ^. Mj^ofl 14s. ^ ^l^-wj-ig^. 3-§-sH 7fl=(l^l 

3 -fr^^-(llO) Aj-Ofl Al 2 0 3 ^-a- Ai^^O. S ^Ajs>5JXl«V, ^A^ -B-^Ql-(llO) Aj-Ofl 

Ta, Ti, Zr, Mg, Ce, Y, Nb, Hf, Sr 5Efe Ca* if-*rrr ^isl-^* =r£ Stl-fr* 

* tf^l ^ 71^-g-otoflAi -f-Aj-o] ^.ffl. 7^ 7»H1^1 *$<£*}^. ^*fl 

^-g-^ °1 54^ Ta, Ti, Zr, Mg, Ce, Y, Nb, Hf, Sr SEfe Ca» S^Nrfe- ^ # 
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<49> <afl2-gAH> 

<50> a^-S^H^ ^ ^-^ofl vtys. wl-s.^ ±7.} ^2-^^ Hl-s.^ ^>o^ sem 

<*l 3** 7j-f o^. 

<51> ^-S^^, ty^r *ll 2*2 ^HHH^, i^>Jl & 

5.^1^^(220); -#7l S^^^(220)* -t>i# i^-Sfe ^li^H^ 

(230); ^ #7l £^-^^(220)* iL#Al7l^ 7 fl^-(240)7l- «VE*ll 7l^-(S)^l 

£4. ^-71 £^^^(220)^8: ?flSflAlE^ SE^ ^B^^, Tfl^E HjE^. 

°1, flSaKl 5£ir 4* Bfl^d^ *H?- S.^Hl-^l'a ^ Sll^. #71 ^^^^^-(230)^- ^3 

^r^<a^-(230)^ i^#^o11'?l- ^-^^(250)^.5- A1 2 0 3 ^* ^€4. ^ 

71 ^l^Al^l^ D }^7WS ^-71 #^-^<a^(230)^ Ta , Ti , Zr> Mg, Ce , Y, 

Nb, Hf, Sr Ca» i^sRr ^^Sc S'Stb ^£ 5A4. 
<53> ^2^]^ ^-7lSf ^o] ^eHX} ^-^^-^(250)* 

<54> Aj-7)*V *fl2€*l?1l<*IH^ ^-ol ^#^3^(250)1: * ^(230) 2} ^#^=1)^ ^ 

^^5>7fl 5)^, :*M^g-;*HH #?t^<a^-(230) #-^1 S^U" 
■fl #^^-^-(250) SB 3 -^. «15E^1] ^ ja^. ^*>fe 
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<55> ol^HH-^ ^ ^l^lj-i- #5.*ll ^2.3 i*}^ ^flsflA] 

^ ^ofl aj-g-^ ^sq^ 7l ^^ j^-g. ^^^s. ^<*| ^1*1-7)1 ^ 

<56> <^ll-^-f^l> 

<57> PtS]-(Br>^-^i^-) ; PZT^(7fl3ll^El -fr^Bj-) ^ IlVlK^^^H 

AS ?fl Sfl A]E^ ^2.^1 7l*ofl ^^S}S4. rZSlal t-H , ^>i^l 

7]^ ^S^Hl S.^?t ^, 5? 1&£*0 71* -8r5.» ^ 0.1 tfl*l 

ltorr^o] * 300 r ^ES -fr*l*H # ^^^1* ^1^4. =1 

^•71 -S- l^^l ^|l-aAHofl n}^ ^zj-^sq ^>ol## 1003? aV^SM ^ 

CI" 12^5^1}. ^ V 7lSf cjTjlS Cf-g-, ?fltfflAlE^ -fr 

^ 4M1 AlgO^l ^Aj5l5Jfe^]# ««>1-Ji7l flSfl Al^o)] tflgfl XPS(X-ray 
Photoelectron Spectroscopy)^ # ^^l*>i ZL S.5<H1 S.a]s:>5J4. J£5°fl SiH 

^•i, 7>S#^r (binding energy)°lJZ, -*fl3.3r-g- ^(arbitrary 

intensity)*^. -£5-& #2:SH3, ^e^-^ xj.^^ ^ o)iu|^# q-Efifl^ ^-n] 

2 P 3)^(m #a)7> ##3* SQ-Sl* ^ 14^, 7^1*1 -fr#B{- >8-ofl 

*^*r*l ##.2.5.3. A1 2 0 3 ^ ^flaBAlEl -R-^^HH <a- ^ 

<58> <^^<^12> 
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ofl $^*H Al^i 2* ^3£S ^lanl-Sa^. ^ 43-. ^ 2°fl cflsM 0 >5fl^- 

<60> -A] j*l 1 

<ei> €- *)]h=mhhi -a-^ Aj-oii ^i^^As. ai 2 o 3 ^* $ 

^*>534(«:^Ai). °1 nfl, ^^lA^ Aj- 7 )tb ^^U*)- *<a*>^. 

^ c|-S-, 7l#-g- ^ <a^£) S.^s><^ ^ 700°C^ 

^ lO^^r 1^e| ^l^*>acf(^:^A2). -g- ^ll^lii nj-el- 

7} 9m*}*\ ai 2 o 3 ^-5-5. <a^*i-sa^(Ta?iiA3). °i n, ij-^m*- 

i^7>i, ^Vdi ii7}i ^ 3Jl^l7>ife TMA7l-.iL, H 2 07>i ^ 71-il- A}-g-Sl-£ 

4. =1*) 51, TMA7}iS] *1>8*1#£- 0.53:, H 2 07>iSl Sl^ 0.3^, 7>iSl 
s^a^ * zfzf- 65: ^ 150sccm, ^ ^IH^ 300°CS4. 

<62> -A] jg2 

<63> 7fl3))AlE^ Sfl^o] tgAj-g aV E ^ 7)^ -g-^ <g^ ^ ofl S.^S><^ ^S]3) 

sVSW&TflBi) . °1 "fl, ^r^lBi^ -g-^s?!^ -8-71 $ #31A 2 ^ ^U^t}. ^ 

<3-g-, -S-71 7fl3HAlEi dQ3-fr A1 2 0 3 ^S. ^^*>^rf(cJ^lB 2 ). °1 nfl, 

#7flB2^ -8-71 ^-^A 3 S1 ^^-Sf ^§-<a*>4. 

< 64 > £6^- ^-asl-ia, Al^is) 3 o. ^.^ Al d))Al i^Br]-^ TMA7>i ^ H 2 07>^^ 
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^#51- ^• 7 9 < ?1 «r^A 3 » T^l-S^ &^rik 0 ) tfAl s-g- ^s>55(^°V, 

^4l7> TMA7>i ^ H 2 07>i7> AV-g-^^^-oflTE l-^-s>J7 ^fl. £-^?H 7^r± 

<66> aI^i^- ^.^ 7 ]s>o1lA-1 <S^e)^ ^3 ^-^^JrSl-^-i- 7}^ll4^- ^gMH A]^2 

2}- ^Ml" iL-yc)-. £6^1^ Al^lo] ^i7l^ 7}i7} 2fl ^7jlA 3 "l- A] 
®2S* Qo] &mko] ^STOfe 3£r, 1*1 3^1 ^*>S^ol ?fl3fl 

^-^ D -]-A£^ tiMt i4^^s ^*>ji 91^1= *tel* ^l^>t}-^. 
tiM^m -fj-^ehe.s^i ^ jg-xj.^. j^^. T^^cf. 

<67> #7l<*IHfe JE^* ^-J7S><^ Jg. i£^o)| tfl# H>^«: -S^H* A^^l Aj^oJ 

th ^4, tf^-fr °H1 t>^s]fe o>qj7, a. Tgr$°) 7l#aj a}^ ^ ^ 

<H "3" €"«»H-H -f-Aj-2^ ^A^jg. ^ ^^Ojul- 7fl^0] 7>^5>Cf. 4| S-O^, HV^O^ 
7l#^ A>Aj-^. g^ej T^lolE A>g).H]-ol 7ll7fl^ TflolE S^ol) flo^ TflojE Xj.J| 

^ t ^lgo)]Dl- AiS):*} O.^ ^o.o)l ;*}.g.5j ^ ojT^.. 
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^ofl ti^S_^ > Aj i7 } ^o^ofln]- ^AV^n]-^. ^ 

°fi2.e] iX>°l ?B3)lAlEl ^ofl 2}-g-«; ^ + , ii7>i# A}-^}- 

c^el-jE ?MAiE-i -fr^o] <i^-s)fe ^ w^i^- ^ oich «^ ^Jfl^lEl m# 

3* *3 ol^Ml ^*§3fe- ILD^, IMD*3 ^fe aflAlHflol^ ^jofl^ 5fl*IHi5| 
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l^T 1 * 1] 

(a) <*hfc«*>S i3 Jffl7> 4\*f£. ^ 

(b) ^v-g-^oi =^ ^^-7>i^ -8-71 «K£31 7l*-ir It^Al^ >y-7l £ 

cjt^ Aj-ofl ^ -L*)]^ ^AV^.^ ^^A]7l^ ^-Till- S^fe Jf^O. 

I^T 1 * 2] 

*)U*<H1 5a«H^, ^"71 ^<g^-g- Ti0 2 ^, SiO^, Ta 2 0 5 ^ , A1 2 0 3 ^-, BaTiOs^", 
SrTi0 3 ^, (Ba, Sr)Ti0 3 ^, Bi 4 Ti 3 0i 2 ^ , PbTiOg^, PZT((Pb, La)(Zr, Ti)Qs)^, 
(SrBi 2 Ta 2 0g)(SBT)e|- ^3* ^K 1 -^ 

^11 . 
[^*J- 3] 

5a°H, -S-7] (a) T&Tife, 
*Hr £313., -*7l a«a9hfr ^ti^M^ -fr^*] 3* *fe i^l-Sl 

4] 

Sa°H, -*7l (a) #7llir, 
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«KE*11 7)&°\] $>g<3 ^-^sl £#<g<*,g- go^ a>^^s. WUt^H^ 

» #7l ^<a^-8r #7l f^^^*?! 3# ^"^O-S. S>Tr UVS^I XI a 

I^T 1 * 5] 

*)l4*J-<Hl SZ^I, #7l £^^«-8r ?fl3))AlE-l2l 5&TT SH?-*!^-, TflolS ^ 

I^t 1 * 6] 

^11^1 5a°W, #7l (b) 

I^T 1 * 7] 

*I|6^H 5fl<H*l, #7l (b) #711^, 

#71 ^ ^i^-7>is. #71 71^- €#*>fe #31; ^ 

#71 ^ ^^7V^7> MK£*fl 71 # ^ * 7}iS B)xl*>fe #7ll» 

8] 

*H7«1] Stl«H>H , #7l (b) #3)^r, 
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13 T 1 * 9] 

^ll^ofl 5a*H-H . -*7l ^7}^ Al, Ta, Ti , Zr, Mg, Ce, Y, Nb, Hf, Sr J£ 

Ca« a«-s>^ 53* ^^s. tiVE*fl i^>^ afla^. 

l^T 1 * 10] 

^l^l 5a°H, (b) ^7)1 ol^6j| f 

Hi 

^llO^Hl SfloH, I^El #711^ ^^el ^ JEtt S(furnace) E^s} 

13 t*-* 12] 

*fl3*J-°fl Sfl°W, -*7l (b) #711 

-S-71 #^2^* <g^*Rr #7)1; g| 

* *§^*Rr #7)1-1- D| S#SH? 51 -fr ^ ^S^^. 

I^T 1 * 131 

^ll2*J-ofl StM-M, ^-71 ag-fefl-q-*, 
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14] 

^^l-i* ##°H *^*>fe #31; 

#71 ^ ^^-7>i7l- «#=! SKE^l ?1* ##-|: 7}iS slxlSKr #31; 

^71 1-*^ 7>i7l- 3]*)^ ^-£^1 7|^- ^ofl ii7>i# #31; 

#7l i^^7\^7\ #JE*fl 7l^r ##^g: 7}iS si^l^l-fe #31-1- 

[^^t 15] 

^"71 -fr^ ^ -g^^AS -8-71 S *l~¥-*1^4 ^#31## %^*[3L $X 

16] 

*ili5*J-°fl 9X°]^, *)U»^£- ^3 ^*># =g^^ ^ -g-sWh^l ^ 

^Hl ^^^l s]s><*j <g<H*l ^-g- *Vfe #£Sfl i^V. 
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[^t 1 * 17] 

^15^°11 fl<>H, #7] *Hl«-^3 =^A>2?-^-gr Al, Ta, Ti, Zr, Mg, Ce, Y, Nb, 

Hf, Sr JE^ Ca2] -t>2)-#* S^Kr ^ASr *Rr ^£^1 
18] 

*1]15*J°1] 54 o^, ^-^sW 54*1 

-*7l -fr*!^ 3#7?m# ^SKn. 54^ ^ ^-71 ^ *H¥-£^4 ^"71 *fll# 

[^n 1 * 19] 

[^t 1 * 20] 

^118*^1 5a°H. ^"71 >«2*^3l ^^j*-^ ^ii#^^ s-^a* 

i-^si ^--a^- 3* ^.e-s. 
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[51 'SI 

[SL 1] 




[Si 2] 



Ox 



200- 



2 00' 




120 



-^-110 

N^ioo 
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151 4] 





80 75 70 65 60 

a &ot|MA| (binding energy) 



6] 
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